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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a weftdetection
method and weft detection device for a jetloom and, more
particularly, to a weft detection method and a weft detec-
tion device that detect a weft arrival timing.

[0002] It is important that weft insertion be performed
in a satisfactory manner when weaving high-quality fab-
ric. In a jet loom, the weft needs to arrive at a predeter-
mined weft insertion terminal position at a predetermined
timing. In a predetermined period during a single frame
rotation, the weft insertion timing corresponds to when
the detection signal of a weft detector first exceeds a set
value. However, the signals output from the weft detector
may include afiber dust signal or a noise signal in addition
to a weft detection signal. Thus, a fiber dust signal or a
noise signal may be output before a weft detection signal
during the predetermined period. In such a case, the de-
tected weft arrival timing will greatly differ from the actual
wert arrival timing.

[0003] A weft insertion controller for a jet loom that is
known in the artis configured to so that a fiber dust signal
or a noise signal would not affect the weft arrival timing
measurement accuracy. Japanese Laid-Open Patent
Publication No. 4-24245 discloses a weft insertion con-
troller including a photoelectric weft detector, which de-
tects the arrival of a weft at a predetermined position,
and a weft existence determining means. The weft ex-
istence determining means counts the input number of
detection pulse signals from the weft detector and meas-
ures the input timing of each detection pulse signal. The
weft insertion controller determines that a weft insertion
timing has come when the input number of the detection
pulse signals reaches a preset number (set number) in
a predetermined period during a single frame rotation.
[0004] Signals generated by fiber dust or noise during
each frame rotation have a tendency to occur in a rela-
tively steady manner. Thus, prior to the actual weaving,
the number of signals generated by fiber dust or noise is
measured prior to the actual weaving to determine the
set number. In the device disclosed in Japanese Laid-
Open Patent Publication No. 4-24245, when there are
an (N-1) number of pulse signals that are generated by
fiber dust or noise before the weft arrival signal is gen-
erated, the Nth pulse signal will be the signal generated
at the timing the weft arrives. For example, referring to
Fig. 7A, when the number of pulse signals generated by
fiber dust or noise is one, the pulse signal E2 generated
before the weft arrival timing will be determined as not
being a weft arrival signal. The pulse signal E1 at the
head of the pulse string E generated after the pulse signal
E2 will be determined as the pulse of the correct weft
arrival timing. Referring to Fig. 7B, when the number of
pulse signals generated by fiber dust or noise is two, the
two pulse signals E2 generated before the weft arrival
timing will be determined as not being a weft arrival sig-
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nal. The pulse signal E1 at the head of the pulse string
E generated after the two pulse signals E2 will be deter-
mined as the pulse of the correct weft arrival timing.
[0005] When alarge amount of fiber dust results in the
input of a large number of fiber dust signals, the actual
weft arrival timing may be erroneously recognized. Thus,
in a case in which pressure is used to control the weft
arrival timing, a weft insertion error may occur if the weft
insertion controller lowers the main air pressure too early
when erroneously determining that the weft arrival timing
has beenreached. Further, in a case in which the amount
of fiber dust is less than the set number, a timing that is
later than the actual weft arrival may be recognized as
the weft insertion timing.

SUMMARY OF THE INVENTION

[0006] Itis an object of the presentinvention to provide
a weft detection method and a weft detection device for
a jet loom that allow for accurate detection of the weft
arrival timing without being affected by the amount of
fiber dust.

[0007] One aspect of the present invention is a weft
detection method for a jetloom. The weft detection meth-
od detects a weft arrival angle from output pulses of a
photoelectric weft detector that detects a weft. The meth-
od includes setting, when a pulse generation angle string
of the output pulses of the photoelectric weft detector
includes a pulse generation angle that is smaller than an
average weft arrival timing, a pulse generation angle that
is closest to the average wetft arrival timing as a tentative
weft arrival timing; comparing a difference between the
tentative weft arrival timing and a pulse generation angle
that precedes the tentative weft arrival timing with a first
comparison value to set the tentative weft arrival timing
as a weft arrival timing when the difference is greater
than or equal to the first comparison value and set the
pulse generation angle that precedes the tentative weft
arrival timing as a new tentative weft arrival timing when
the difference is less than the first comparison value;
comparing a difference between the new tentative weft
arrival timing and a pulse generation angle that precedes
the new tentative weft arrival timing with the first com-
parison value to set the new tentative weft arrival timing
as the wetft arrival timing when the difference is greater
than or equal to the first comparison value; repeating the
series of the above steps until the difference between
the new tentative weft arrival timing and the preceding
pulse generation angle becomes greater than or equal
to the first comparison value or the tentative weft arrival
timing becomes the smallest pulse generation angle in
the pulse generation angle string; setting, when the pulse
generation angle string does not include a pulse gener-
ation angle that is smaller than the average weft arrival
timing, a pulse generation angle that is larger than the
average weft arrival timing and closest to the average
weft arrival timing as a tentative weft arrival timing; com-
paring a difference between the tentative weft arrival tim-
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ing and a pulse generation angle that follows the tentative
weft arrival timing with a second comparison value to set
the tentative weft arrival timing as the weft arrival timing
when the difference is less than the second comparison
value and set the pulse generation angle that follows the
tentative weft arrival timing as a new tentative weft arrival
timing when the difference is greater than or equal to the
second comparison value; comparing a difference be-
tween the new tentative weft arrival timing and a pulse
generation angle that follows the new tentative weft ar-
rival timing with the second comparison value to set the
new tentative weft arrival timing as the weft arrival timing
when the difference is less than the second comparison
value; and repeating the series of the above steps until
the difference between the new tentative weft arrival tim-
ing and the following pulse generation angle becomes
less than the second comparison value or until the ten-
tative weft arrival timing becomes the largest pulse gen-
eration angle in the pulse generation string.

[0008] A further aspect of the present invention is a
weft detection device for a jet loom that detects a weft
arrival angle from output pulses of a photoelectric weft
detector that detects a weft. The weft detection device
includes a pulse generation adding means for adding
pulse generation angles to pulse signals input by the pho-
toelectric weft detector. A pulse generation angle string
forming means forms a pulse generation angle string with
the pulse generation angles of the input pulse signals. A
pulse angle string storing means stores the pulse gen-
eration angle string for each pick. The weft detection de-
vice further includes an average weft arrival timing cal-
culating means. A first tentative weft arrival timing setting
means sets, when the pulse generation angle string
stored in the pulse angle string storing means includes
a pulse generation angle that is smaller than an average
weft arrival timing, a pulse generation angle thatis closest
to the average weft arrival timing as a tentative weftarrival
timing. A first weft timing determining means compares
a difference between the tentative weft arrival timing set
by the first tentative weft arrival timing setting means and
a pulse generation angle that precedes the tentative weft
arrival timing with a first comparison value, sets the ten-
tative weft arrival timing as a weft arrival timing when the
difference is greater than or equal to the first comparison
value, sets the pulse generation angle that precedes the
tentative weft arrival timing as a new tentative weft arrival
timing when the difference is less than the first compar-
ison value, compares a difference between the new ten-
tative weft arrival timing and a pulse generation angle
that precedes the new tentative weft arrival timing with
the first comparison value, sets the new tentative weft
arrival timing as the weft arrival timing when the differ-
ence is greater than or equal to the first comparison value,
and repeats the series of the above steps until the differ-
ence between the new tentative weft arrival timing and
the preceding pulse generation angle becomes greater
than or equal to the first comparison value or the tentative
weft arrival timing becomes the smallest pulse generation
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angle in the pulse generation angle string. A second ten-
tative weft arrival timing setting means sets, when the
pulse generation angle string does not include a pulse
generation angle that is smaller than the average weft
arrival timing, a pulse generation angle that is larger than
the average wetft arrival timing and closest to the average
weft arrival timing as the tentative weft arrival timing. A
second wetft arrival timing determining means compares
a difference between the tentative weft arrival timing set
by the second tentative weft arrival timing setting means
and a pulse generation angle that follows the tentative
weft arrival timing with a second comparison value, sets
the tentative weft arrival timing as the weft arrival when
the difference is less than the second comparison value,
sets the pulse generation angle that follows the tentative
weft arrival timing as a new tentative weft arrival timing
when the difference is greater than or equal to the second
comparison value, compares a difference between the
new tentative weft arrival timing and a pulse generation
angle that follows the new tentative weft arrival timing
with the second comparison value, sets the new tentative
weft arrival timing as the weft arrival timing when the dif-
ference is less than the second comparison value, and
repeats the series of the above steps until the difference
between the new tentative weft arrival timing and the fol-
lowing pulse generation angle becomes less than the
second comparison value or until the tentative weft arrival
timing becomes the largest pulse generation angle in the
pulse generation string.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention, together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

Fig. 1 is a schematic diagram of a weft insertion ap-
paratus;

Fig. 2 is a schematic diagram of a setting screen;
Figs. 3A to 3C are schematic diagrams showing the
operation of a weft arrival timing detection device;
Fig. 4 is aflowchart showing the operation of the weft
arrival timing detection device;

Fig. 5is aflowchart showing the operation of the weft
arrival timing detection device;

Fig. 6 is a table listing pulse generation angles for
each pick; and

Figs. 7A and 7B is a schematic diagrams illustrating
the prior art.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] One embodiment of an air-jet loom according
to the present invention will now be described with ref-
erence to Figs. 1 to 6.
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[0011] As shown in Fig. 1, a weft insertion apparatus
10 for an air-jet loom includes a weft storage 11, a weft
main nozzle 12, a tandem nozzle 13 located at an up-
stream side of the main nozzle 12, weft insertion sub-
nozzle groups 14A to 14F located at a downstream side
of the main nozzle 12, and a reed 15. The reed 15 in-
cludes dents that are arranged next to one another in the
weft insertion direction. Each dent includes a guide re-
cess. The tandem nozzle 13 includes an ABS (automatic
weft brake system) 16. The sub-nozzle groups 14A to
14F each include four sub-nozzles 14.

[0012] The weft storage 11 winds weft Y, which is fed
from a weft cheese 17 that serves as a yarn feeder,
around a length measurement drum 19. The weft storage
11 includes an engagement pin 20a that is driven by an
electromagnetic solenoid 20 to engage and disengage
the length measurement drum 19. The engagement and
disengagement of the engagement pin 20a and the
length measurement drum 19 controls the drawing of the
weft Y from the length measurement drum 19. The length
measurement drum 19 includes a photoelectric balloon
sensor 21 that detects the balloon of the weft Y drawn
from the length measurement drum 19. The balloon sen-
sor 21 detects the balloon of the weft Y during weft in-
sertion.

[0013] An air supply source 22 is connected by a pipe
23 and a regulator 24 to a main tank 25. The main tank
25 is connected by a pipe 23 and a main valve 26 to the
main nozzle 12. The air supply source 22 is connected
by a pipe 23 and a regulator 28 to a sub-tank 29. A con-
troller C controls the main valve 26 and the tandem valve
27 to control the timing at which compressed air is ejected
from the main nozzle 12 and the tandem nozzle 13. The
air supply source 22 includes, for example, an air com-
pressor.

[0014] The sub-tank 29 includes sub-valves 30, each
connected by pipes 23 to corresponding ones of the sub-
nozzle groups 14A to 14F. When each sub-valve 30
opens, compressed air is simultaneously ejected from
the four sub-nozzles 14 of the corresponding one of the
sub-nozzle groups 14A to 14F. The controller C controls
the sub-valve 30 during weft insertion to control opening
and closing of the sub-nozzle groups 14A to 14F so that
the sub-nozzle groups 14A to 14F eject compressed air
in a relayed manner at predetermined timings.

[0015] Aweftfeeler31, which serves as aphotoelectric
weft detector that detects the weft Y, is located at the
side of the reed 15 opposite to the main nozzle 12. The
weft feeler 31 detects the end of the weft Y when the weft
insertion of a single pick is completed. The weft feeler 31
outputs a pulse signal when detecting the weft Y and
fiber dust.

[0016] The controller Cincludesa CPU 35 and a mem-
ory 36. The controller C controls the pressure of the main
tank 25 with the regulator 24 and controls the pressure
of the sub-tank 29 with the regulator 28. The controller
C controls the opening and the closing of the main valve
26 and the tandem valve 27 to control the ejection timing
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of compressed air from the main nozzle 12 and the tan-
dem nozzle 13. The controller C controls the opening and
closing of the sub-valves 30 to control the relayed ejection
of compressed air from the sub-nozzle groups 14A to
14F.

[0017] The controller C configures a weft arrival timing
detection device. The controller C receives an output
pulse signal from the weft feeler 31 when the weft feeler
31 detects the weft Y. The controller C stores the input
time of the output pulse signal as a frame angle. In detail,
for each pulse received in a weft detection range, the
CPU 35 adds a pulse generation angle that is the frame
angle of the moment the pulse was generated. Further,
the CPU 35 forms a string of the pulse generation angles.
That s, the CPU 35 configures a pulse generation angle
adding means and a pulse generation string forming
means. The pulse generation angle string generated by
the CPU 35 is stored in the memory 36. Thatis, the mem-
ory 36 configures a pulse angle string storing means.
Further, the CPU 35 calculates weft arrival timings TW
from the pulse generation angle strings and the average
of the weft arrival timings TW. The CPU 35 configures
an average weft arrival timing calculating means.
[0018] In this manner, the weft arrival timing detection
device includes the pulse generation angle adding
means, the pulse generation angle string forming means,
the pulse angle string storing means, and the average
weft arrival timing calculating means. When the pulse
generation angle string stored in the memory 36 includes
a pulse generation angle that is smaller than the average
weft arrival timing, the CPU 35 sets the pulse generation
angle that is closest to the average as a tentative weft
arrival timing (tentative TW). The CPU 35 functions as a
first tentative weft arrival timing setting means.

[0019] The CPU 35 compares the difference between
the tentative weft arrival timing, which has been set by
the first tentative weft arrival timing setting means, and
the pulse generation angle that precedes the tentative
weft arrival timing with a first comparison value (Tfwd).
When the difference is greater than or equal to the first
comparison value (Tfwd), the CPU 35 sets the tentative
weft arrival timing as the weft arrival timing. When the
difference is less than the first comparison value (Tfwd),
the CPU 35 sets the pulse generation angle preceding
the tentative weft arrival timing as a new tentative weft
arrival timing. Then, the CPU 35 compares the difference
between the new weft arrival timing and the pulse gen-
eration angle that precedes the new tentative weft arrival
timing with the first comparison value (Tfwd). When the
difference is greater than or equal to the first comparison
value (Tfwd), the CPU 35 sets the new tentative weft
arrival timing as the wetft arrival timing. The CPU 35 re-
peats the series of the steps described above until the
difference between the new tentative weft arrival timing
and the pulse generation angle preceding the new ten-
tative weft arrival timing becomes greater than or equal
to the first comparison value (Tfwd) or the tentative weft
arrival timing becomes the largest pulse generation angle
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in the pulse generation angle string. The CPU 35 func-
tions as a first weft arrival timing determining means.
[0020] When the pulse generation angle string does
not include any pulse generation angle that is smaller
than average weft arrival timing, the CPU 35 sets the
pulse generation angle that is larger than the average
and closest to the average as a tentative weft arrival tim-
ing. The CPU 35 functions as a second tentative weft
arrival timing setting means.

[0021] The CPU 35 compares the difference between
the tentative weft arrival timing, which has been set by
the second tentative weft arrival timing setting means,
and the pulse generation angle following the tentative
weft arrival timing, with a second comparison value
(Trea). When the difference is less than the second com-
parison value (Trea), the CPU 35 sets the tentative weft
arrival timing as the weft arrival timing. When the differ-
ence is greater than or equal to the second comparison
value (Trea), the CPU 35 sets the pulse generation angle
following the tentative weft arrival timing as a new tenta-
tive weft arrival timing. The CPU 35 compares the differ-
ence between the new tentative weft arrival timing and
the pulse generation angle following the new tentative
weft arrival timing with the second comparison value
(Trea). When the difference is less than the second com-
parison value (Trea), the CPU 35 sets the new tentative
weft arrival timing as the weft arrival timing. The CPU 35
repeats the series of the steps described above until the
difference between the new tentative weft arrival timing
and the pulse generation angle following the new tenta-
tive weft arrival timing becomes less than the second
comparison value (Trea) or the tentative weft arrival tim-
ing becomes the largest pulse generation angle in the
pulse generation angle string. The CPU 35 functions as
a second weft arrival timing determining means.

[0022] In this manner, the controller C, which config-
ures the weft arrival timing detection device, includes the
first tentative weft arrival timing setting means, the first
weft arrival timing determining means, the second tenta-
tive weft arrival timing setting means, and the second
weft arrival timing determining means.

[0023] Thecontroller Cisconnected to afunction panel
40 that serves as an input-output device. The function
panel40includes adisplay 41 and inputkeys. The display
41 shows a setting screen 42 that is illustrated in Fig. 2.
[0024] As shown in Fig. 2, the setting screen 42 in-
cludes a weft detection range setting portion 44, a first
comparison value setting portion 45, a second compar-
ison value setting portion 46, and yarn detection pulse
number setting portions 47. The weft detection range set-
ting portion 44 is used to set the weft detection range in
which the controller C detects (calculates) the weft arrival
timing. The first comparison value setting portion 45 is
used to set the first comparison value (Tfwd). The second
comparison value setting portion 46 is used to set the
second comparison value (Trea). Each yarn detection
pulse number setting portion 47 is used to set the mini-
mum pulse number for determining the existence of the
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weft Y in the weft detection range. Fig. 2 shows an ex-
ample in which the minimum frame angle of the weft de-
tection range is 220° and the maximum frame angle of
the weft detection range is 310°.

[0025] The operation of the weft arrival timing detection
device will now be described.

[0026] First, the weft detection range, the first compar-
ison value Tfwd, the second comparison value Trea, and
the yarn detection pulse number are set. For example,
as shown in Fig. 2, the operator inputs the values of the
weft detection range, the first comparison value Tfwd,
the second comparison value Trea, and the yarn detec-
tion pulse number to the setting screen 42 in the display
41 of the function panel 40. More specifically, the first
comparison value Tfwd and the second comparison val-
ue Trea are each set to 5°. The first comparison value
Tfwd and the second comparison value Trea are meas-
ured by operating the loom in advance before performing
the actual weaving operation. Under this situation, the
operator operates a weft arrival timing detection start
switch (not shown) so that the controller C starts the weft
arrival timing detection.

[0027] The controller C detects the weft arrival timing
in accordance with the flowchart of Figs. 4 and 5.
[0028] Instep S1,the pulse generation angles of pulse
signals in a frame angle range (220° to 310°), which is
set in advance, are input to the controller C. Based on
the pulse generation angles of the input pulse signals,
the controller C forms a pulse generation angle string
and stores the pulse generation angle string for each pick
in the memory 36.

[0029] Instep S2, the controller C calculates the aver-
age weft arrival timing. Further, a table such as that illus-
trated in Fig. 6 is generated. The table lists the pulse
generation angles at which the existence of the weft was
determined. The data of the table and the average of the
weft arrival timings are periodically updated.

[0030] Instep S3, the controller C determines whether
or not a pulse generation angle that is smaller than the
average weft arrival timing is included in the pulse gen-
eration angle string. When a pulse generation angle that
is smaller than the average weft arrival timing is included,
the controller C proceeds to step S4.

[0031] In step S4, the controller C refers to the table
and sets the pulse generation angle that is closest to (or
coincides with) the average weft arrival timing as the ten-
tative weft arrival timing (tentative TW). That is, the con-
troller C sets the tentative weft arrival timing to the pulse
generation angle of which the difference from the aver-
age weft arrival timing is the smallest.

[0032] Instep S5, the controller C compares the differ-
ence 0f1 between the tentative weft arrival timing (tenta-
tive TW) and the pulse generation angle preceding the
tentative weft arrival timing with the first comparison val-
ue Tfwd, which is set in advance. When the difference
6f1 is greater than or equal to the first comparison value
Tfwd, the controller C proceeds to step S6 and sets the
tentative weft arrival timing (tentative TW) as the weft
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arrival timing.

[0033] When the difference 6f1 is less than the first
comparison value Tfwd in step S5, the controller C pro-
ceeds to step S7 and sets the preceding pulse generation
angle as anew tentative weft arrival timing (tentative TW).
Then, instep S8, the controller C compares the difference
0f2 between the new tentative weft arrival timing (tenta-
tive TW) and the pulse generation angle preceding the
new tentative weft arrival timing with the first comparison
value Tfwd.

[0034] When the difference 6f2is greater than or equal
to the first comparison value Tfwd in step S8, the con-
troller C proceeds to step S9 and sets the new tentative
weft arrival timing (tentative TW) as the weft arrival timing.
When the difference 6f2 is less than the first comparison
value Tfwd in step S8, the controller C proceeds to step
S10 and sets the preceding pulse generation angle as a
new tentative weft arrival timing (tentative TW). Then,
the controller C proceeds to the next step and repeats
the same steps until the difference 6fn between the new
tentative weft arrival timing (tentative TW) and the pulse
generation angle preceding the new tentative weft arrival
timing becomes greater than or equal to the first com-
parison value Tfwd or until the tentative weft arrival timing
becomes the smallest pulse generation angleinthe pulse
generation angle string. In step Sn, when the difference
0fn between the new tentative weft arrival timing (tenta-
tive TW) and the preceding pulse becomes greater than
or equal to the first comparison value Tfwd, the controller
C proceeds to step S(n+1) and sets the new tentative
weft arrival timing (tentative TW) as the weft arrival timing.
When the tentative weft arrival timing (tentative TW) be-
comes the smallest pulse generation angle in the pulse
generation angle string, the controller C proceeds to step
S(n+2) and sets the tentative weft arrival timing (tentative
TW) as the weft arrival timing.

[0035] In step S3, when the pulse generation angle
string does not include a pulse generation angle that is
smaller than the average weft arrival timing, the controller
C proceeds to step S(n+3) and sets the pulse generation
angle that is closest to (or coincides with) the average
weft arrival timing as the tentative weft arrival timing (ten-
tative TW). Thatis, the controller C sets the tentative weft
arrival timing to the pulse generation angle of which the
difference from the average weft arrival timing is the
smallest. Then, the controller C proceeds to step S(n+4)
and compares the difference 6r1 between the tentative
weft arrival timing (tentative TW) and the pulse genera-
tion angle following the tentative weft arrival timing with
the second comparison value Trea, which is set in ad-
vance. When the difference 6r1 is less than the second
comparison value Trea, the controller C proceeds to step
S(n+5) and sets the tentative weft arrival timing (tentative
TW) as the weft arrival timing. When the difference 6r1
is greater than or equal to the second comparison value
Trea in step S(n+4), the controller C proceeds to step
S(n+6) and sets the following pulse generation angle as
a new tentative weft arrival timing (tentative TW). Then,
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in step S(n+7), the controller C compares the difference
or2 between the new tentative weft arrival timing (tenta-
tive TW) and the pulse generation angle following the
new tentative weft arrival timing with the second compar-
ison value Trea. When the difference 6r2 is less than the
second comparison value Trea, the controller C proceeds
to step S(n+8) and sets a new tentative weft arrival timing
(tentative TW) as the wetft arrival timing. When the differ-
ence 0r2 is greater than or equal to the second compar-
ison value Trea in step S(n+7), the controller C proceeds
to step S(n+9) and sets the following pulse generation
angle as the tentative weft arrival timing (tentative TW).
Then, the controller C proceeds to the next step and re-
peats the same steps until the difference 6rn between
the new tentative weft arrival timing (tentative TW) and
the pulse generation angle following the new tentative
weft arrival timing becomes greater than or equal to the
second comparison value Trea or until the tentative weft
arrival timing becomes the largest, or final, pulse gener-
ation angle in the pulse generation angle string. In step
S(2n), when the difference 6rn between the new tentative
weft arrival timing (tentative TW) and the following pulse
generation angle becomes less than the second com-
parison value Trea, the controller C proceeds to step
S(2n+1) and sets the new tentative weft arrival timing
(tentative TW) as the weft arrival timing. When the ten-
tative weft arrival timing (tentative TW) becomes the larg-
est, or final, pulse generation angle in the pulse genera-
tion angle string in step S(2n), the controller C proceeds
to step S(2n+2) and sets the tentative weft arrival timing
(tentative TW) as the weft arrival timing (TW).

[0036] Fig. 3A shows an example in which pulse sig-
nals exist before and after the average weft arrival timing
(average TW), and the intervals d1 and d2 between three
pulse generation angles P1, P2, and P3 that are smaller
than the average TW are each smaller than the first com-
parison value Tfwd. In this case, the pulse generation
angle P1 is the closest to the average weft arrival timing
and smaller than the average weft arrival timing. Thus,
the pulse generation angle P1 is set as the tentative TW,
the interval d1 between the pulse generation angles P1
and P2 correspond to the difference 6f1 of the flowchart,
and the interval d2 between the pulse generation angles
P2 and P3 correspond to the difference 6f2 of the flow-
chart. Further, in this case, in step S5 of the flowchart,
the difference 6f1 is not greater than or equal to the first
comparison value Tfwd. Thus, the controller C proceeds
to step S7 and sets the pulse generation angle P2 as the
tentative TW. Then, in step S8, the controller C compares
the difference 6f2 between the pulse generation angles
P2 and P3 with the first comparison value Tfwd. In this
case, the difference 6f2 is not greater than or equal to
the first comparison value Tfwd. Thus, the controller C
proceeds to the next step. However, there is no pulse
signal ahead of the pulse generation angle P3. Thus, the
pulse generation angle P3 is set as the weft arrival timing.
[0037] Fig. 3B shows an example in which pulse sig-
nals exist before and after the average weft arrival timing
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(average TW). Further, among the intervals d1 and d2’
between the three pulse generation angles P1, P2, and
P3 that are smaller than the average TW, the interval d1
is smaller than the first comparison value Tfwd and the
interval d2’ is larger than the first comparison value Tfwd.
In this case, the pulse generation angle P1 is the closest
to the average weft arrival timing and smaller than the
average weft arrival timing. Thus, the pulse generation
angle P1 is set as the tentative TW. Further, in this case,
in step S5 of the flowchart, the interval d1, or the differ-
ence 0f1, is not greater than or equal to the first compar-
ison value Tfwd. Thus, the controller C proceeds to step
S7 and sets the pulse generation angle P2 as the tenta-
tive TW. Then, the controller C proceeds to step S8 and
compares the interval d2’, or the difference 6f2, between
the pulse generation angles P2 and P3 with the first com-
parison value Tfwd. In this case, the difference 6f2 is
greater than or equal to the first comparison value Tfwd.
Thus, the controller C proceeds to step S9 and sets the
pulse generation angle P2 as the weft arrival timing.
[0038] Fig. 3C shows an example in which there are
three pulse generation angles P1, P2, and P3 that are
larger than the average TW. Further, among the intervals
d1’ and d2 of the three pulse generation angles P1, P2,
and P3, the interval d1’ is larger than the second com-
parison value Trea, and the interval d2 is smaller than
the second comparison value Trea. In this case, there
are no pulse generation angles that are smaller than the
average weft arrival timing. Thus, in step S(n+3) of the
flowchart, the controller C sets the pulse generation angle
P1 as the tentative TW. Then, in step S(n+4), the con-
troller C compares the difference 6r1 between the tenta-
tive TW and the pulse generation angle P2 following the
tentative TW with the second comparison value Trea. In
this case, the difference 0r1 is not less than the second
comparison value Trea. Thus, the controller C proceeds
to step S(n+6) and sets the pulse generation angle P2
as the new tentative TW. Then, in step S(n+7), the con-
troller C compares the difference 6r2 between the pulse
generation angles P2 and P3 with the second compari-
sonvalue Trea. The difference 6r2is less than the second
comparison value Trea. Thus, the controller C proceeds
to step S(n+8) and sets the pulse generation angle P2
as the weft arrival timing.

[0039] The detection of the weft arrival timing will now
be described with reference to the table of Fig. 6. The
table shows the pulse generation angles where the ex-
istence of a weft was determined and the pulse genera-
tion angle string of each pick. The detection range is the
frame angle from 210° to 310°. The average TW is 244°,
the first comparison value Tfwd is 5°, and the second
comparison value Trea is 5°.

[0040] For example, in pick No. 3, a pulse generation
angle that is ahead of (smaller than) the average of 244°
is located. In this case, the pulse generation angle of
242° is set as a candidate for the weft arrival timing (TW).
In other words, 242° is set as the tentative weft arrival
timing. There are no pulse signals ahead of 242°. Thus,
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242° is set as the weft arrival timing (TW).

[0041] In pick No. 15, the pulse generation angle of
243°is ahead of (smaller than) the average of 244°. Thus,
243° is set as a candidate for the weft arrival timing (TW).
That is, 243° is set as the tentative weft arrival timing.
Further, the pulse generation angle of 219° is ahead of
243°. However, 219° is separated by 5° or greater from
243°. Thus, 243° is set as the weft arrival timing (TW).
[0042] In pick No. 1, there are no pulse generation an-
gles that are ahead of (smaller than) the average value
of 244°. Thus, a pulse generation angle that is behind
(larger than) the average value of 244° is located. In this
case, the pulse generation angle of 250° is set as a can-
didate for the weft arrival timing (TW). In other words,
250° is set as the tentative weft arrival timing. Further,
the pulse generation angle of 254° is behind 250°. How-
ever, 254° is not separated by 5° or greater from 250°.
Thus, 250° is set as the weft arrival timing (TW).

[0043] Inthe pulse generation angle strings for the oth-
er picks, the weft arrival timing (TW) is located in the
same manner. Consequently, the shaded pulse genera-
tion angles in Fig. 6 are set as the weft arrival timings
(TW).

[0044] Theabove embodimenthasthe advantagesde-
scribed below.

(1) In the weft detection method described above,
when the pulse generation angle string of the output
pulses from the weft feeler 31 includes pulse gener-
ation angles that are smaller than the average weft
arrival timing, the CPU 35 sets the pulse generation
angle of which the difference from the average is the
smallest as the tentative weft arrival timing. Then,
the CPU 35 compares the difference between the
tentative weft arrival timing and the preceding pulse
generation angle with the first comparison value.
When the difference is greater than or equal to the
first comparison value, the CPU 35 sets the tentative
weft arrival timing as the weft arrival timing. When
the difference is less than the first comparison value,
the CPU 35 sets the pulse generation angle preced-
ing the tentative weft arrival timing as a new tentative
weft arrival timing. Then, the CPU 35 compares the
difference between the new tentative weft arrival tim-
ing and the preceding pulse generation angle with
the first comparison value. When the difference is
greater than or equal to the first comparison value,
the CPU 35 sets the new tentative weft arrival timing
as the weft arrival timing. The CPU 35 repeats the
series of steps described above until the difference
between the new tentative weft arrival timing and the
preceding pulse generation angle becomes greater
than or equal to the first comparison value or the
tentative weft arrival timing becomes the smallest
pulse generation angle in the pulse generation angle
string.

When the pulse generation string does not include
any pulse generation angles that are smaller than
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the average weft arrival timing, the CPU 35 sets the
pulse generation angle that is larger than the aver-
age and closest to the average as the tentative weft
arrival timing. Then, the CPU 35 compares the dif-
ference between the tentative weft arrival timing and
the following pulse generation angle with the second
comparison value. When the difference is less than
the second comparison value, the CPU 35 sets the
tentative weft arrival timing as the weft arrival timing.
When the difference is greater than or equal to the
second comparison value, the CPU 35 sets the pulse
generation angle following the tentative weft arrival
timing as a new tentative weft arrival timing. Then,
the CPU 35 compares the difference between the
new tentative weft arrival timing and the following
pulse generation angle with the second comparison
value. When the difference is less than the second
comparisonvalue, the CPU 35 sets the new tentative
weft arrival timing as the weft arrival timing. The CPU
35 repeats the series of steps described above until
the difference between the new tentative weft arrival
timing and the following pulse generation angle be-
comes less than the second comparison value or the
tentative weft arrival timing becomes the largest
pulse generation angle in the pulse generation angle
string. This configuration allows the accurate weft
arrival timing to be accurately detected without being
affected by the amount of fiber dust.

(2) In the jet loom, the weft detection device uses
the output pulses of the weft feeler 31 to detect the
weft arrival angle. The weft detection device includes
the pulse generation angle adding means, the pulse
angle string forming means, the pulse angle string
storing means, and the average weft arrival timing
calculating means. The pulse generation angle add-
ing means adds pulse generation angles to pulse
signals input by the photoelectric weft detector. The
pulse generation angle string forming means forms
a pulse generation angle string with the pulse gen-
eration angles of the input pulse signals. The pulse
angle string storing means stores the pulse genera-
tion angle string for each pick. Further, the weft de-
tection device includes the first tentative weft arrival
timing setting means and the first weft arrival timing
determining means. In a case in which a pulse gen-
eration string stored in the pulse angle string storing
means includes a pulse generation angle that is
smaller than the average weft arrival timing, the first
tentative weft arrival timing sets the pulse generation
angle that is closest to the average as a tentative
weft arrival timing. The first weft arrival timing deter-
mining means compares the difference between the
tentative weft arrival timing, which is set by the first
tentative weft arrival timing, and the pulse generation
angle preceding the tentative weft arrival timing with
a first comparison value. When the difference is
greater than or equal to the first comparison value,
the first weft arrival timing determining means sets
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the tentative weft arrival timing as the weft arrival
timing. When the difference is less than the first com-
parison value, the first weft arrival timing determining
means sets the pulse generation angle preceding
the tentative weft arrival timing as a new tentative
weft arrival timing. Then, the first weft arrival timing
determining means compares the difference be-
tween the new tentative weft arrival timing and the
pulse generation angle preceding the new tentative
weft arrival timing. When the difference is greater
than or equal to the first comparison value, the first
weft arrival timing determining means sets the new
tentative weft arrival timing as the weft arrival timing.
The first weft arrival timing determining means re-
peats the series of steps described above until the
difference between the new tentative weft arrival tim-
ing and the preceding pulse generation angle be-
comes greater than or equal to the first comparison
value or the tentative weft arrival timing becomes the
smallest pulse generation angle in the pulse gener-
ation angle string.

Further, the weft detection device includes a second
tentative weft arrival timing setting means and a sec-
ond weft arrival timing determining means. In a case
in which a pulse generation angle string does not
include any pulse generation angles that are smaller
than the average, the second tentative weft arrival
timing setting means sets the pulse generation angle
that is larger than the average and closest to the
average as the tentative weft arrival timing. The sec-
ond weft arrival timing determining means compares
the difference between the tentative weft arrival tim-
ing, which is set by second tentative weft arrival tim-
ing setting means, and the pulse generation angle
following the tentative weft arrival timing with the sec-
ond comparison value. When the difference is less
than the second comparison value, the second weft
arrival timing determining means sets the tentative
weft arrival timing as the weft arrival timing. When
the difference is greater than or equal to the second
comparison value, the second weft arrival timing de-
termining means sets the pulse generation angle fol-
lowing the tentative weft arrival timing as a new ten-
tative weft arrival timing. Then, the second weft ar-
rival timing determining means compares the differ-
ence between the new tentative weft arrival timing
and the following pulse generation angle with the
second comparison value. When the difference is
less than the second comparison value, the second
weft arrival timing determining means sets the new
tentative weft arrival timing as the weft arrival timing.
The second weft arrival determining means repeats
the series of steps described above until the differ-
ence between the new tentative weft arrival timing
and the following pulse generation angle becomes
less than the second comparison value or the tenta-
tive weft arrival timing becomes the largest pulse
generation angle in the pulse generation angle
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string.

The configuration allows the weft detection method
to be implemented. Thus, the accurate weft arrival
timing may be accurately detected regardless of the
amount of fiber dust.

(3) The weft detection device includes the first com-
parison value setting portion 45, which sets the first
comparison value Tfwd, and the second comparison
value setting portion 46, which sets the second com-
parison value Trea. Values that are set in advance
may be used as the first comparison value Tfwd and
the second comparison value Trea. However, when
the weft detection device includes the first compar-
ison value setting portion 45 and the second com-
parison value setting portion 46, the first comparison
value Tfwd and the second comparison value Trea
may be set to be suitable for the weaving conditions.
(4) The weft detection device includes the setting
screen 42 used to show and set the first comparison
value Tfwd and the second comparison value Trea,
which are set with the first comparison value setting
portion 45 and the second comparison value setting
portion 46. As long as the setting screen 42 allows
the setvalues to be input, the setting screen 42 does
not have to show the set values. However, the op-
erator will be able to check the set values by showing
the set values on the setting screen 42. Thisreduces
erroneous inputs.

[0045] The above embodiment may be modified as de-
scribed below.
[0046] The setting screen 42 that shows the first com-

parison value Tfwd and the second comparison value
Trea set by the first comparison value setting portion 45
and the second comparison value setting portion 46 may
be omitted. However, the operator will be able to easily
check the set values by showing the set values on the
setting screen 42. This reduces erroneous inputs.
[0047] Thefirstcomparison value Tfwd and the second
comparison value Trea does not necessarily have to be
input by the operator. For example, the memory 36 of
the controller C may store a plurality of first comparison
values Tfwd and second comparison values Trea in cor-
respondence with weaving conditions. In this case, the
controller C automatically sets the first comparison value
Tfwd and the second comparison value Trea that is suit-
able for the weaving conditions.

[0048] The weft arrival timing does not have to be de-
tected through a process that uses pulses to detect a
weft and may be applied to a process that integrates yarn
signals to detect a weft.

[0049] The tandem nozzle 13 may be omitted.

[0050] A CPU adds pulse generation angles to pulse
signals input by a photoelectric detector and forms a
pulse generation angle string with the pulse generation
angles of the input pulse signals. The pulse generation
angle string formed by the CPU for each pick is stored
inamemory. The CPU also functions as an average weft
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arrival timing calculating means, a first tentative weft ar-
rival timing setting means, a first weft arrival timing de-
termining means, a second tentative weft arrival timing
setting means, and a second weft arrival timing deter-
mining means.

Claims

1. A weft detection method for a jet loom, wherein the
weft detection method detects a weft arrival angle
from output pulses of a photoelectric weft detector
(31) that detects a weft (Y), the method comprising:

setting, when a pulse generation angle string of
the output pulses of the photoelectric weft de-
tector (31) includes a pulse generation angle
(P1, P2, P3) thatis smaller than an average weft
arrival timing (TW), a pulse generation angle
(P1, P2, P3) that is closest to the average weft
arrival timing (TW) as a tentative weft arrival tim-
ing (TW);

comparing a difference between the tentative
weft arrival timing (TW) and a pulse generation
angle (P1, P2, P3) that precedes the tentative
weft arrival timing (TW) with a first comparison
value (Tfwd) to set the tentative weft arrival tim-
ing (TW) as a weft arrival timing when the differ-
ence is greater than or equal to the first compar-
ison value (Tfwd) and set the pulse generation
angle (P1, P2, P3) that precedes the tentative
weft arrival timing (TW) as a new tentative weft
arrival timing (TW) when the difference is less
than the first comparison value (Tfwd);
comparing a difference between the new tenta-
tive weft arrival timing (TW) and a pulse gener-
ation angle (P1, P2, P3) that precedes the new
tentative weft arrival timing (TW) with the first
comparison value (Tfwd) to setthe new tentative
weft arrival timing (TW) as the weft arrival timing
when the difference is greater than or equal to
the first comparison value (Tfwd);

repeating the series of the above steps until the
difference between the new tentative weft arrival
timing (TW) and the preceding pulse generation
angle (P1, P2, P3) becomes greater than or
equal to the first comparison value (Tfwd) or the
tentative weft arrival timing (TW) becomes the
smallest pulse generation angle (P1, P2, P3) in
the pulse generation angle string;

setting, when the pulse generation angle string
does not include a pulse generation angle (P1,
P2, P3) that is smaller than the average weft
arrival timing (TW), a pulse generation angle
(P1, P2, P3) that is larger than the average weft
arrival timing (TW) and closest to the average
weftarrivaltiming (TW) as a tentative weft arrival
timing (TW);
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comparing a difference between the tentative
weft arrival timing (TW) and a pulse generation
angle (P1, P2, P3) that follows the tentative weft
arrival timing (TW) with a second comparison
value (Trea) to set the tentative weft arrival tim-
ing (TW) as the weft arrival timing when the dif-
ference is less than the second comparison val-
ue (Trea) and set the pulse generation angle
(P1, P2, P3) that follows the tentative weft arrival
timing (TW) as a new tentative weft arrival timing
(TW) when the difference is greater than or
equal to the second comparison value (Trea);
comparing a difference between the new tenta-
tive weft arrival timing (TW) and a pulse gener-
ation angle (P1, P2, P3) that follows the new
tentative weft arrival timing (TW) with the second
comparison value (Trea) to set the new tentative
weft arrival timing (TW) as the weft arrival timing
when the difference is less than the second com-
parison value (Trea); and

repeating the series of the above steps until the
difference between the new tentative weft arrival
timing (TW) and the following pulse generation
angle (P1, P2, P3) becomes less than the sec-
ond comparison value (Trea) or until the tenta-
tive weft arrival timing (TW) becomes the largest
pulse generation angle (P1, P2, P3) in the pulse
generation string.

A weft detection device for a jet loom that detects a
weft arrival angle from output pulses of a photoelec-
tric weft detector (31) that detects a weft (), the weft
detection device comprising:

apulse generation adding means (35) foradding
pulse generation angles (P1, P2, P3) to pulse
signals input by the photoelectric weft detector
(31);

a pulse generation angle string forming means
(35) for forming a pulse generation angle string
with the pulse generation angles (P1, P2, P3) of
the input pulse signals;

a pulse angle string storing means (36) for stor-
ing the pulse generation angle string for each
pick;

an average weft arrival timing calculating means
(35);

a first tentative weft arrival timing setting means
(35) for setting, when the pulse generation angle
string stored in the pulse angle string storing
means (36) includes a pulse generation angle
(P1, P2, P3) thatis smaller than an average weft
arrival timing (TW), a pulse generation angle
(P1, P2, P3) that is closest to the average weft
arrival timing (TW) as a tentative weft arrival tim-
ing (TW);

a first weft timing determining means (35) for
comparing a difference between the tentative
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weft arrival timing (TW) set by the first tentative
weft arrival timing setting means (35) and a
pulse generation angle (P1, P2, P3) that pre-
cedes the tentative weft arrival timing (TW) with
a first comparison value (Tfwd), setting the ten-
tative weft arrival timing (TW) as a wetft arrival
timing when the difference is greater than or
equal to the first comparison value (Tfwd), set-
ting the pulse generation angle (P1, P2, P3) that
precedes the tentative weft arrival timing (TW)
as a new tentative weft arrival timing (TW) when
the difference is less than the first comparison
value (Tfwd), comparing a difference between
the new tentative weft arrival timing (TW) and a
pulse generation angle (P1, P2, P3) that pre-
cedes the new tentative weft arrival timing (TW)
with the first comparison value (Tfwd), setting
the new tentative weft arrival timing (TW) as the
weft arrival timing when the difference is greater
than or equal to the first comparison value
(Tfwd), and repeating the series of the above
steps until the difference between the new ten-
tative weft arrival timing (TW) and the preceding
pulse generation angle (P1, P2, P3) becomes
greater than or equal to the first comparison val-
ue (Tfwd) or the tentative weft arrival timing (TW)
becomes the smallest pulse generation angle
(P1,P2,P3)inthe pulse generation angle string;
a second tentative weft arrival timing setting
means (35) for setting, when the pulse genera-
tion angle string does not include a pulse gen-
eration angle (P1, P2, P3) that is smaller than
the average weft arrival timing (TW), a pulse
generation angle (P1, P2, P3) thatis larger than
the average weft arrival timing (TW) and closest
to the average weft arrival timing (TW) as the
tentative weft arrival timing (TW); and

a second weft arrival timing determining means
(35) for comparing a difference between the ten-
tative weft arrival timing (TW) set by the second
tentative weft arrival timing setting means (35)
and a pulse generation angle (P1, P2, P3) that
follows the tentative weft arrival timing (TW) with
a second comparison value (Trea), setting the
tentative weft arrival timing (TW) as the weft ar-
rival when the difference is less than the second
comparison value (Trea), setting the pulse gen-
eration angle (P1, P2, P3) that follows the ten-
tative weft arrival timing (TW) as a new tentative
weft arrival timing (TW) when the difference is
greater than or equal to the second comparison
value (Trea), comparing a difference between
the new tentative weft arrival timing (TW) and a
pulse generation angle (P1, P2, P3) that follows
the new tentative weft arrival timing (TW) with
the second comparison value (Trea), setting the
new tentative weft arrival timing (TW) as the weft
arrival timing when the difference is less than
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the second comparison value (Trea), and re-
peating the series of the above steps until the
difference between the new tentative weft arrival
timing (TW) and the following pulse generation
angle (P1, P2, P3) becomes less than the sec-
ond comparison value (Trea) or until the tenta-
tive weft arrival timing (TW) becomes the largest
pulse generation angle (P1, P2, P3) in the pulse
generation string.

The weft detection device for a jet loom according
to claim 2, further comprising a setting portion (45,
46) for setting the first comparison value (Tfwd) and
the second comparison value (Trea).
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